Chaos in the organization of any human or animal movement has its own parameters in the form of quasi-attractors, and these parameters (quasi-attractors) have a diagnostically significant value. Motor activity of any biological entity in biomechanics consists of a real superposition of voluntary acts (i.e., having a goal and the mechanisms of its implementation) and an obligatory element of chaos when the arbitrary motor activity cannot really be implemented arbitrarily. This paper presents examples of the practical implementation of the parameters of chaos in clinical medicine and their diagnostic value.
Background
Using a new approach -the theory of chaos and self-organization (TCS) [1] -we proved the existence of continuous chaotic motion of the state vector x = x ( t ) of any biological system (including the biomechanical) as complex of the system (complexity) [2, 3] . This indicates a basic absence of stationary modes in biosystems ( dx / dt ≠ 0 at any time) and an impossibility of any arbitrary motor activity as an inability to obtain stationary modes in the form dx / dt = 0. Even if an individual is trying to keep his or her hand with a finger fixed on a metal plate which interacts with an eddy current sensor, a stationary mode (in the form dx / dt = 0) is not feasible for such a biological system. In this case, an arbitrary motor activity (i.e., arbitrarily keeping a finger at a particular point in space) may not be exercised arbitrarily -it is implemented chaotically, in the form dx / dt ≠ 0, with any state of the limb being irreproducible (unrepeatable) [4, 5] .
After 40 years of nonrecognition of the first postulate of the TCS which we have been working with all these years, and nonrecognition of synergetics as developed by H. Haken, a sensational article in the journal Nature was published by a group of scientists from Stanford University [6, 7] . There, the known statement of the founder of synergetics (H. Haken) that it makes no sense to study the individual elements of a complex system was proved [8, 9] . The dynamic behavior of such individual elements has no informational value, and it is necessary to study the behavior of the whole system in its entirety. Today, however, there exist no formal methods of studying the dynamics of any complex system the parameters and properties of which are in continuous chaotic change [10] , even if registration systems of human movement are improving [11] [12] [13] [14] [15] [16] [17] .
The purpose of this study is to prove the informational significance of parameters measuring chaos in the assessment of arbitrary motor activity (tapping) to develop a new method of measuring motion parameters and to demonstrate the clinical significance of such measurements for the identification of normality and pathology.
Materials and Methods
In this paper, two types of tasks of arbitrary motor activity of the finger of a subject in the vertical direction (tapping) were used. In the first type, the finger of a test person had to touch the surface of an eddy current sensor which interacted with a plate (attached to the test person's fingertip). Practically, the subject tapped this plate on the surface of the sensor, and these movements were made with the maximum frequency of motion in the vertical direction. In the second type, the subject had not to touch the surface of the sensor, but he had to move his finger vertically with maximum frequency [18, 19] .
These two movements differ in their degree of arbitrariness. In the first type, there is a physical limit at the lowest point (due to tapping on the sensor); in the second type, the degree of arbitrariness increases, since the subject arbitrarily restricts the movement of the finger at the highest and the lowest point. From a physical point of view, the subject has one degree of freedom, i.e., along the y-axis. However, in the first case, the movement is tightly controlled (limited) at the lowest point, and in the second case the subject arbitrarily restricts the movement of the finger at the highest and the lowest point.
Our device ( fig. 1 ) registers the coordinate x 1 = y ( t ) and the coordinate x 2 = dy ( t )/ dt in a highly precise manner. However, into the phase plane, phase trajectories were built which were limited to a rectangle on top Δ S = Δ x 1max × Δ x 2max , where the segments on the axes x 1 and x 2 are defined as the boundaries of the intervals of measurement coordinates x 1 and x 2 . As shown in figure 1 , the signals from the tablet (1), a surface sensor detecting coordinate x 1 , and the test plate (2), which is rigidly attached to the finger, are sent through an analog-to-digital converter (3) to a computer (4) equipped with software. The software calculates the second coordinate x 2 = dy / dt , builds the phase plane (in the general case, there is a 6-dimensional phase space), and calculates a space of quasi-attractors 1 , inside which there is motion x = x ( t ) = ( x 1 , x 2 ) T . If three sensors (on all three axes x, y, and z) are used, the device generates
The analogy with quantum physics is relevant, because for any movement in biomechanics we can always introduce a measure of chaos (chaos to complexity is a basic property in TCS) in the form of parameters of quasi-attractors, and this measure will be individual for each subject.
In the Heisenberg relation, in fact, this inequation is individual for each particle; one could therefore move its mass m to the right part of the inequation and write:
where x = a coordinate and v = the velocity of change of this coordinate.
Thus, the analogy between quantum mechanics and TCS is based on the uncertainty of the coordinates and velocities of the particles, which are equivalent to the coordinates and velocities of the movement of any biomechanical object. In this case, inequation (2) has a pronounced individual sense (for each particle with mass m , we have a limit attractor uncertainty h /2π m ).
Our study on tapping as a form of individual quasi-attractor was carried out in 37 healthy subjects and 15 patients with Parkinson's disease. The Ethics Committee of the Medical Institute of Tula State University approved its protocol.
Results
Firstly, any tapping, reflected in the form of mechanography and its amplitude-frequency characteristics (AFC), is unique, irreproducible, and unpredictable. During repetition of the experiment, it is possible to obtain a set of AFC which in the framework of the TCS can be represented also in the form of quasi-attractors. In this case, x 1 will be the amplitude A ( x 1 = A ( t )) and x 2 the frequency of biomechanical movements. However, such phase trajectories are difficult to limit and to calculate (though we also already use them for diagnostics).
We give an example of registration of mechanography and the AFC ( fig. 2 ) for a healthy subject and a patient with Parkinson's disease; it demonstrates the diagnostic value of this 'method of biological uncertainty', so we can include the identification of quasi-attractors (tapping) in the diagnosis of norm and pathology. In comparison, figure 3 presents the recordings of a tapping test of a healthy person and a patient with Parkinson's disease in the condition of physical limitation (i.e., touching the tablet of the sensor) and their processing.
Figures 2 and 3 demonstrate a significant difference between the signals recorded in healthy subjects and those recorded in subjects with pathology. However, this visual assessment does not provide an objective diagnostic evaluation and identification of pathology and the degree of pathology. To obtain an objective assessment of the condition of the human body, it is useful to calculate the usual and proven coordinates x 1 = y and x 2 = dy / dt (i.e., a coordinate and the velocity of a finger movement on the y-axis). In this case, the quasiattractor is easy to calculate and is very productive value (diagnostically significant). Moreover, this quasi-attractor with the space S = Δ x 1 × Δ x 2 is an important characteristic of a condition (physical or mental) of a particular person. Figure 4 presents the quasi-attractors based on the mechanography from figures 2 and 3 .
S W equals the space of quasi-attractors in the tapping test without physical limitations, and S F equals the space of quasi-attractors in the tapping test in the condition of physical limitations. The results of calculating spaces of quasi-attractors ( table 1 ) In this study (comparison of healthy subjects and subjects with Parkinson's disease), we found that for healthy subjects S W /S F > 1, and for subjects with Parkinson's disease S W /S F < 1. It is established that there are significant differences in tapping between a person without musculoskeletal pathologies and one with mobility impairments (e.g., in Parkinson's disease or essential tremor). The phase portraits of tapping in healthy persons and patients with Parkinson's disease differ in absolute and relative values.
Discussion
The proposed approache to assessing the characteristics of arbitrary motor activities showed the feasibility of using calculations of spaces of quasi-attractors in healthy individuals and patients with Parkinson's disease. These calculations have demonstrated the originality and unpredictability of tapping, which is registered in the form of mechanography and reflected by AFC. The quasi-attractor calculations suggest that quasi-attractor spaces for tapping tests of healthy subjects with no physical limitations (S W ) are larger than those of healthy subjects under physical limitations (S F ). In the case of Parkinson's disease, there is an inverse relationship. Thus, the ratio is S W /S F > 1 for healthy subjects and S W /S F < 1 for subjects with Parkinson's disease.
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